Introduction {#S0001}
============

Laparoscopy has several indisputable advantages over open surgery regarding shorter hospital stay, faster recovery time, decreased intraoperative blood loss, wound infection rate and postoperative adhesion formation. Additionally, an improved cosmetic effect is becoming nowadays a more and more important factor for evaluation of the operation \[[@CIT0001]--[@CIT0003]\]. This approach has led surgeons to search for a technique which would allow one to perform an operation that leaves no scar in the abdomen. In 1997 Navarra described single incision transumbilical cholecystectomy, which from a practical point of view fulfilled the criteria of scar-less surgery \[[@CIT0004]\]. Nowadays we can observe development of the very controversial and still very futuristic idea of natural orifice transluminal endoscopic surgery (NOTES). Despite the fact that the only documented advantage of single incision laparoscopic surgery is its better cosmetic effect, the popularity of this procedure is gradually increasing. It seems that the major reason for this fact is patients' expectations. The number of centres which offer the new operative technique is rapidly growing. Furthermore, the number of studies concerning the use of this approach is increasing.

Laparoscopic splenectomy has been considered the "gold standard" for the elective surgical management of a variety of splenic disorders \[[@CIT0005]--[@CIT0009]\]. Until now, only a few case series studies describing single incision laparoscopic surgery of the spleen have been published. The first splenectomy which used the new technique in Poland was performed in 2009 in the Institute of Haematology in Warsaw.

Aim {#S0002}
===

The aim of our study was to evaluate the preliminary experience with single incision laparoscopic transumbilical surgery in patients with splenic disorder.

Material and methods {#S0003}
====================

In our clinic we have performed more than 400 laparoscopic procedures of the spleen to date. Between March 2010 and October 2011, we attempted single incision laparoscopic surgery of the spleen in 9 patients: 7 men and 2 women with a median age of 22.3 years (range: 19-34 years) and body mass index of 23.3 kg/m^2^ (range: 20.4-26.6 kg/m^2^).

Single incision surgery was successful in all cases: in 7 of them we performed splenectomy and in 2 patients unroofing of the splenic cyst. The indications for splenectomy included haematological disorders: microspherocytosis (4 patients), idiopathic thrombocytopenic purpura (ITP) (2 patients), autoimmune haemolytic anaemia (1 patient). In 3 patients concomitant cholecystectomy (due to symptomatic cholelithiasis) with splenectomy was performed and utilized the same single transumbilical incision. In a further 2 patients we performed unroofing of the single splenic cyst (diameter 7 and 5 cm respectively) after exclusion of parasitic aetiology of the cyst ([Table I](#T0001){ref-type="table"}).

###### 

Demographic features of the study group

  No.   Gender   Age \[years\]   BMI \[kg/m^2^\]   Indication for operation            Longitudinal size of the spleen \[cm\]
  ----- -------- --------------- ----------------- ----------------------------------- ----------------------------------------
  1     F        34              24.6              ITP                                 12
  2     F        23              22.6              ITP                                 12
  3     F        22              23.7              Microspherocytosis/cholelithiasis   16
  4     F        21              22.4              Microspherocytosis/cholelithiasis   17
  5     F        20              20.4              Microspherocytosis/cholelithiasis   14 (accessory spleen diameter 1 cm)
  6     M        20              26.7              Microspherocytosis                  20
  7     F        20              23.6              Autoimmune haemolytic anaemia       17
  8     M        19              24.1              Splenic cyst (diameter 7 cm)        11
  9     F        22              22.0              Splenic cyst (diameter 5 cm)        14

Preoperative management of all patients was identical to those undergoing multiport laparoscopic splenectomy in our department. In all of them the preoperative thrombocyte count was greater than 50 × 103/µl.

Operative technique {#S20004}
-------------------

Generally the surgical technique was designed as a direct replication of standard multiport laparoscopic operations.

Patients were operated on in the right lateral decubitus position as during the equivalent, standard laparoscopic procedure ([Photo 1](#F0001){ref-type="fig"}). The access to the peritoneal cavity was achieved under direct visual control through a 2.5-3 cm incision and either a SILS port^®^ (Covidien) or a TriPort^®^ (Olympus) was introduced and pneumoperitoneum was established. After visual inspection of abdominal organs using a standard 10 mm 30° laparoscope, working instruments were inserted. For the first operation we used flexible instruments and the remaining eight were performed with standard straight instruments. The next steps of the operations were equivalent to multiport laparoscopic procedures. Opening the lesser sac and dissection of gastro-splenic ligament including short gastric vessels was performed with a harmonic scalpel ([Photo 2](#F0002){ref-type="fig"}). Later the splenic artery and vein were exposed and ligated with a clip ([Photos 3](#F0003){ref-type="fig"}, [4](#F0004){ref-type="fig"}). The splenic hilum was then transected with Ligasure^®^ ([Photo 5](#F0005){ref-type="fig"}). Patients in whom concomitant cholecystectomy was performed as a single-step procedure were then placed in a supine position and transabdominal Prolene^®^ suture was used for better gallbladder retraction. Unroofing of the splenic cyst was performed with a harmonic scalpel. The inner lining of the cyst was cauterized with argon plasma. The incision in the abdominal wall was finally sutured with subcutaneous absorbable suture ([Photo 6](#F0006){ref-type="fig"}). We routinely do not use drains after single incision laparoscopic surgery.

![Patient and operating team position](WIITM-8-19482-g001){#F0001}

![Dissection of short gastric vessels](WIITM-8-19482-g002){#F0002}

![Clipping of splenic artery](WIITM-8-19482-g003){#F0003}

![Sealing splenic vein with Ligasure before application of clips from 5 mm applier](WIITM-8-19482-g004){#F0004}

![Dissection of splenic hilum](WIITM-8-19482-g005){#F0005}

![Umbilical wound directly after the operation](WIITM-8-19482-g006){#F0006}

Results {#S0005}
=======

All procedures were successfully performed without the need to introduce additional trocars. Median splenectomy time (excluding cholecystectomy time) was 125 min (range: 80-240 min), and splenic cyst unroofing 75 min (50 min and 100 min). Estimated blood loss was 35 ml in splenectomy cases and minimal in patients undergoing splenic cyst unroofing. In 1 patient after minor superficial thermal injury of the stomach wall continuous suture was used to strengthen the injured area and prevent perforation. One patient required reoperation on the first day after surgery because of minor intra-abdominal bleeding from the wound. Explorative intervention in this patient was also performed using the single incision technique and in this case drainage was placed through an additional incision.

Discussion {#S0006}
==========

Nowadays, the cosmetic effect has become one of the major factors for evaluation of the operation. Expectations of patients, especially those well educated thanks to wide access to medical knowledge and the Internet, are rapidly growing. Moreover, their preferences have become an important element of the decision making process before the treatment strategy has even started. On the other hand, the recently invented NOTES technique (natural orifice transluminal endoscopic surgery), leaving no scar after the procedure, is not as attractive as it previously seemed. For some authors it is rather a dead end in development of minimally invasive surgery \[[@CIT0010]--[@CIT0012]\]. Therefore, as regards the cosmetic result, single incision laparoscopic transumbilical surgery is widely accepted to be a safe alternative to multiport laparoscopy. After the first report of Navarra many similar studies proving feasibility of the new technique were published \[[@CIT0013]--[@CIT0015]\]. Meanwhile the first results of successful adrenalectomy, nephrectomy, hernioplasty, as well as colon resection and bariatric procedures were released. There are also several case series of elective single incision laparoscopic splenectomy due to haematological disorders \[[@CIT0016]--[@CIT0021]\].

The first use of laparoscopic splenectomy in our institution dates back to 1998. To date we have performed more than 400 laparoscopic procedures of the spleen -- elective and emergency splenectomy, partial splenectomy, splenic cyst removal and splenic artery aneurysm management. Long-lasting experience in these operations induced us to evaluate the possible use of the single incision laparoscopic technique. Due to better cosmetic results associated with the newer technique, we included in our study young patients for whom this aspect of treatment was particularly important.

Articulating laparoscopic instruments were used only during the first operation of a very tall patient. For all remaining procedures we used straight instruments and did not find any difficulties with dissecting surrounding tissues. Generally we believe that the single incision procedure undoubtedly requires the specialized instrumentation with a flexible tip; nonetheless, it is essential only during the initial phase of learning of this technique, and an experienced surgeon will probably not need it. However, these instruments may be useful during more complex procedures.

Three patients who underwent splenectomy and cholecystectomy as a one-step procedure benefited especially from the new technique. One port placed in the umbilicus allowed for both splenectomy and cholecystectomy, thus significantly reducing the number of postoperative wounds. We believe that despite the necessity of changing the patient\'s position during the operation, single incision surgery is a very convenient technique in this group of patients.

In our opinion complications that resulted in our patients were not associated with the new technique and could occur in a standard multiport laparoscopy study group as well. It is worth mentioning that the reoperation in the patient with postoperative bleeding was also carried out using single incision transumbilical access. No conversions to multiport laparoscopy or open procedure is most likely a result of the highly selected group of patients with normal body weight and no prior surgery. However, in any case of conversion, additional trocar placement is possible so that the operation is feasible as atypical multiport laparoscopy.

Undoubtedly, single incision laparoscopic procedures require more experience in minimally invasive surgery of the spleen. Specific instrument placement running in parallel to each other and the camera requires not only excellent coordination but also full cooperation with the assistant. Therefore this technique should preferably be performed by a more experienced surgical team.

Conclusions {#S0007}
===========

Single incision surgical procedures are the next step in the development of minimally invasive surgery. For an experienced surgeon this technique may become a safe alternative to classical multiport laparoscopy. It may be considered in patients for whom an excellent cosmetic effect is extremely important. Additionally, by reducing the number of wounds, it can be very convenient in patients undergoing splenectomy and cholecystectomy as a one-step operation. However, due to the small number of case reports published worldwide with relatively short observation time, the better cosmetic result is currently the only documented advantage of this surgical procedure.
